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The migratory tropical shad, Tenualosa ilisha has a wide range of habitat preferences like rivers, reservoirs, estuaries, 
backwaters, and coastal waters during different phases of its life cycle. The present study investigates morphological 
variations among three populations of Hilsa from distinct ecosystems such as the River Brahmaputra, Narmada estuary and 
Ukai reservoir. Thirteen morphometric and nine meristic measurements were considered for the present study. Among the 
meristic traits, significant variation was observed in counts of lateral line scales and post ventral scutes. The MANOVA 
results depict a significant difference in the morphometric traits among the three populations. The factor analysis indicated a 
very significant loading of head-related traits on the first factor and traits related to the middle and caudal region on the 
second factor. The study portrayed a significant morphological variation among the different stocks of T. ilisha and the 
results were confirmed in discriminant function analysis. 
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Introduction 
Tenualosa ilisha (Hamilton, 1822), commonly 
known as Hilsa shad or tropical shad is an 
anadromous clupeid, with a wide distribution range 
from the Persian Gulf eastward to Myanmar, 
including Western and Eastern coasts of India1. Hilsa 
shad substantially provides a livelihood to millions of 
people throughout India, Bangladesh, and Myanmar, 
which implies its immense commercial importance 
and high market demand2. The global annual average 
catch of Hilsa is about 0.72 million tons, of which the 
contribution of India is about 15-20 %, i.e., about 
0.11-0.15 million tons3. The euryhaline shad 
population predominantly inhabits a broad 
geographical range of ecologically distinct habitats 
like rivers, estuaries and coastal waters of Southern 
Asia4. A prominent migration of this anadromous 
shad occurs during the monsoon season, as the school 
of species ascends to the freshwater zones of rivers 
from the coastal waters for spawning and forms a 
lucrative catch in the inland waters5. In India, the 
migratory Hilsa population is mainly spotted in major 
rivers like Ganga, Brahmaputra, Godavari, etc. along 
the east coast and from the rain-fed peninsular rivers 
like the Narmada, Tapti, etc. along the west coast and 
its conjoined tributaries, backwaters, and estuaries1. In 
addition to this, a non-migratory population of Hilsa 
was divulged from a substantially lacustrine 
ecosystem of the Ukai (Vallabhsagar) reservoir in the 
Gujarat state of India6.  
Ecologically distinct habitat preferences are evident 
in these migratory shad populations, which use river-
estuary systems and coastal waters during different 
phases of its life cycle. The broad range of habitat 
preferences in geographically isolated populations of 
migratory species may impart morphological variations, 
in response to selection pressure from diverse local 
ecological regimes7. The morphological characteristics 
of the organisms respond to the environmental 
parameters and these biotic-habitat interactions shape 
suitable functional phenotypic traits8. The traits that 
molded gradually with these interactions enable 
organisms to suit and survive in a particular ecosystem. 
The variations due to eco-morphological interactions 
may be farther escalated by the loss of dispersal and 
gene flow between distinct migratory populations9. 




Hence an exhaustive study on the morphology of 
geographically isolated migratory species may reveal the 
phenotypic distinction carved out by the ecological 
interactions. Moreover, this sort of studies on 
morphological variations also facilitates a greater 
understanding of the ecological conditions in the system 
where the species exists10.  
The meristic and morphometric characteristics of 
fish species are two major features that are 
enormously used for the studies on intraspecific 
morphological divergences11 and are sound tools in 
stock structure studies for fisheries management 
purpose12. As a commercially important fish species, 
a wide array of studies was conducted to study the 
stock structure of the Hilsa population distributed 
along the Indian subcontinent for designing suitable 
management plans, but such studies were mainly 
concentrated in the state of West Bengal13. 
Furthermore, the investigations on the population 
genetic structure delineate two distinct populations of 
Hilsa in the Bay of Bengal and Arabian sea by 
analyzing the variations in mitochondrial DNA 
sequences14. The earlier morphological investigations 
on Hilsa in India were summarized with a chance in 
the occurrence of different phenotypic stocks in 
Indian rivers1. While more statistically sound 
investigations on morphological variations, among the 
geographically distinct populations of Hilsa across the 
country, are meager. It is imperative to know about 
the extent of morphological changes happened to the 
shad populations in its geographical range of 
occurrence and thereby to develop suitable 
management measures. The present study was 
performed to investigate the possible morphological 
variations in the geographically isolated populations 
of Hilsa from three distinct tropical ecosystems viz. 
Brahmaputra river (a snow-fed perennial river), 
Narmada estuary (an estuarine system) and the Ukai 
reservoir (a lacustrine ecosystem). 
 
Materials and Methods  
 
Study area 
Samples of T. ilisha were collected from three 
locations (Fig. 1) viz., Guwahati and Dhubri stations 
of Brahmaputra river in Assam; Bhadbhut and Jhanor 
stations of Narmada estuary in Gujarat and from Ukai 
Reservoir in Gujarat (Table 1). Brahmaputra river, 
snow-fed perennial Himalayan river flowing in the 
north-eastern part of India and drains into the Bay of 
Bengal, after covering a distance of about 918 km in 
India15. The Brahmaputra river valley in Assam is 
characterized by diverse hydro-ecological characters, 
with width varies from 64 km to 94 km and about 640 
km long and the river is devoid of any tidal 
influences16. The Narmada estuarine system is located 
at the Bharuch district of Gujarat, formed after the 
confluence of Narmada river with the Arabian Sea at 
Gulf of Khambhat and the total estuarine area is about 
14,250 ha17. This tropical estuarine system is 
characterized by a more pronounced nutrient 
dynamics and hydro-ecological changes in the system 
were determined by the river water inflow and 
varying tidal amplitude18. The funnel-shaped estuary 
is characterized by the semidiurnal tide and the 
migration of Hilsa in the estuary happens mostly 
during the South-West monsoon season. The Ukai 
reservoir (submerged area- 51,520 ha), a total 
lacustrine ecosystem located in river Tapti at the 
Table 1 — Details of sampling stations and fish sample 
Source of fish sample Type of ecosystem Location Period of sampling Sample size Mean TL ± SE (cm) 
Brahmaputra Riverine zone 26°19ʹ15ʹʹN 91°75ʹ60ʹʹE Sep 2017 - Dec 2018 91 26.1 ± 0.54 
Narmada Estuarine zone 21°40'52''N  
72°50'42''E 
Jul 2018 – Feb 2019 95 28.2 ± 0.56 
Ukai Reservoir 21°16'32"N 73°36'24"E Jan 2018 to Feb 2019 74 18.5 ± 0.34 
 
 
Fig. 1 — Map showing the details of sampling stations 




Gujarat state and the reservoir has a distance of about 
250 km from the Narmada estuary6. 
 
Sample collection  
A total of 260 specimens of Hilsa shad were 
collected from the commercial catches during the 
study period (Table 1). Only intact specimens were 
selected from the catch and transported to the 
laboratory after discretely chill packed with sufficient 
ice in an insulated fish box, for further analysis.  
 
Data collection 
In the laboratory, the specimens were digitized on a 
laminated graph sheet using Sony DSC W830  
(20.1 MP Camera), keeping the left side up. For the 
elicitation of morphometric measurements from 
images three software’s were used namely; tpsUtil – 
to convert the images into tps format19; tps Dig V2.1- 
for the digitization of landmarks on the image20 and 
PAST- to extract the morphometric measurements 
from the predetermined landmarks21. The extraction 
of the morphometric measurements using the image 
processing techniques is widely accepted as it helps to 
reduce the time taken in the field collection of data22. 
Thirteen morphometric and nine meristic 
measurements were recorded for further 
morphological variation studies (Fig. 2). The 
morphometric measurements recorded are: TL-Total 
length; SL-Standard length; FL-Fork length; HL-Head 
length; ED-Eye diameter; PROBL-Pre-orbital length; 
POOBL-Post-orbital length; PDL-Pre-dorsal length; 
PPECL-Pre-pectoral length; PVL-Pre-ventral length; 
PAL-Pre-anal length; BD-Body depth and CPD-
Caudal peduncle depth (Fig. 2). The selected meristic 
counts are; DR-Dorsal fin rays; PR-Pectoral fin rays; 
VR-Ventral fin rays; AR-Anal fin rays; PrVSc-Pre-
ventral scutes; PoVSc-Post-ventral scutes; BSR-
Branchiostegal rays; LL-Lateral line scales and CR-
Caudal fin rays.  
 
Statistical analysis 
Fishes are known to have the allometric growth and 
the size-dependent variation was removed by using 
the formula (Elliott et al.23) 
 
Madj = M (Ls/L0)
b 
 
Where, M is the original measurement, Madj-the 
transformed measurement, L0-the standard length of 
the fish, Ls- the overall mean of standard length for all 
fish from all samples in each analysis, and b estimated 
for each character from the observed data as the slope 
of the regression of log M on log Lo using all fish 
from each group. Further, the normality of the log-
transformed variables was tested and a total of twenty 
outliers were removed. The correlation coefficients 
calculated between the size-corrected variables and 
standard lengths were found to be non-significant, 
hence the data transformation successfully removed 
the size effect in the variable. Multivariate Analysis of 
Variance (MANOVA) was used to find the significant 
difference between the three populations of Hilsa. 
Factor analysis with Maximum likelihood method 
was performed to find the morphometric variables 
responsible for differentiating the fish populations 
location-wise, System wise (Lotic system of Narmada 
estuary and the Brahmaputra river; Lentic system of 
Ukai reservoir) and Coastwise (Brahmaputra river in 
the East coast and Narmada estuary from the West 
coast). As Ukai is a lacustrine ecosystem, it is not 
included while analyzing the Coastwise 
morphological variations. The factors with a loading 
score of more than 0.30 are considered as significant, 
> 0.40 is more significant, and loading scores of 0.50 
and above are considered very significant24. Hence in 
this present study factors, more than 0.7 are 
considered for further analysis. The discriminant 
function analysis was then conducted to predict or 
classify each specimen to their respective locations, 
using the selected morphometric traits with a very 
significant loading in the factor analysis. Kruskal-
Wallis non-parametric test was employed here to 
statistically confirm the variations in the selected 
meristic traits of Hilsa between the locations. 
Statistical analyses for morphometric and meristic 
 
Fig. 2 — Image (adopted from FAO) illustrating the
morphometric traits such as: 1-TL; 2- SL; 3-FL; 4-HL; 5- ED;
6-PROBL; 7-POOBL; 8-PDL; 9- PPECL; 10-PVL; 11-PAL; 12-
BD and 13- CPD 




data were performed using the STATISTICA V.8 





Analysis of meristic traits 
Differentiation in the meristic characters between 
the three locations was tested using the Kruskal-
Wallis test. The Kruskal-Wallis analysis results 
indicated that among the nine meristic characters 
chosen, only two characters viz. lateral line scales and 
post ventral scutes are depicting a significant 
difference between the locations (Table 2).  
 
Analysis of morphometric traits 
The multivariate statistical analysis of 
morphometric measurements was performed after 
removing the size-dependent variations on the 
variables. The MANOVA results helped to disclose 
the significant morphological variations between the 
three populations of Hilsa (p < 0.05).  In factor 
analysis, the variables with a highly significant 
loading (loading > 0.7) are only considered as it 
considerably accounts for the variations. For the 
location wise factor analysis, the first factor (Factor 1) 
accounted for 42 % and the second factor (Factor 2) 
accounted for 29 % of the variation (together 
accounted for 71 % of the variation). The 
morphometric measurements related to the head 
region indicated a highly significant loading on the 
first factor and the variables on the middle and caudal 
peduncle region like BD, PAL, and CPD showed a 
very significant loading in second factor (Table 3). 
The highest loading is observed for HL in comparison 
to other variables. Spatial variations in the 
morphology of fish populations with locations are 
exemplified in the scatter biplot (Fig. 3). The bi-plot 
portrays that the three populations were separated 
along the horizontal axis, showing the more 
significant contribution of the first factor in 
deciphering the populations. 
Table 3 — Factor loadings for the morphometric parameters showing the location-wise, system-wise and coast-wise variations 
PARAMATERS LOCATION-WISE SYSTEM-WISE COAST-WISE 
Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2 
HL 0.970963 0.193424 0.971738 0.183402 0.966538 0.202194 
ED 0.845678 0.004963 0.845654 -0.003049 0.754553 0.000694 
PROBL 0.592071 0.212539 0.569004 0.155333 0.923631 -0.123374 
POOBL 0.883036 0.177269 0.894339 0.187185 0.774386 0.374860 
PDL 0.792928 0.517127 0.787509 0.498482 0.897746 0.375470 
PPECL 0.103488 0.027514 0.139896 0.100286 -0.664787 0.593171 
PVL 0.704543 0.657596 0.704433 0.646926 0.808480 0.545845 
PAL 0.354049 0.928385 0.362559 0.912529 0.556641 0.816234 
BD -0.119329 0.828481 -0.102063 0.866330 -0.040224 0.941537 
CPD 0.329584 0.715553 0.331503 0.726508 0.486370 0.666611 
 
 
Fig. 3 — Scatter plot of factor 1 and factor 2 obtained from 
morphometric measurements showing the location-wise 
morphological differentiation 
 
Table 2 — Details of Kruskal-Wallis test results of meristic 
traits 
Meristic traits Kruskal Wallis test  
(H-Value) 
P-value 
DR 2.01 0.33 
PR 1.65 0.43 
VR 2.46 0.29 
AR 2.78 0.56 
PrVSc .143 0.93 
PoVSc 7.62 0.02* 
BSR 0.00 1.00 
LL 204.10 0.00* 
CR 0.00 1.00 




The system-wise (lotic and lentic) variations were 
also checked and the factor analysis results are the 
same as that obtained in the location wise analysis 
(Table 3). The coastwise factor analysis illustrates 
that the first factor accounted for 52 % of the 
variation and the second factor accounted for 30 % of 
the variation. Noticeable variation was observed in 
the scatter plot with the separations that happened 
along the vertical axis, indicating the contribution of 
the second factor in the separation of two populations 
(Fig. 4). Significant loading was observed for the 
body depth on the second factor and the traits related 
to the head region (HL, ED, PROBL, POOBL, and 
PDL) exhibit a very significant loading in the first 
Factor. 
 
Discriminant function analysis 
The results of location wise morphometric 
variations in the factor analysis are cross-validated 
using the discriminant function analysis to analyze the 
extent of similarity between the samples collected 
from different locations (Table 4). In the cross-
validation analysis, the well-classified group is that of 
the Narmada estuary with 100 % well classification to 
the station. The overall successful classification rate 
obtained in the analysis is about 98 %. 
 
Discussion 
A significant morphological variation is 
undoubtedly pointed out, for the first time, in three 
geographically isolated populations of T. ilisha from 
Brahmaputra river, Narmada estuary and Ukai 
reservoir during the present study. Amongst the nine 
meristic characters in comparison, a compelling 
variation was brought up only in two characters viz. 
lateral line scales and post ventral scutes. The results 
of MANOVA signaled a significant difference in 
three populations of Hilsa from different locations. 
The factor analysis results pointed out the 
morphometric parameters which are significantly 
contributed to deciphering the three populations of the 
species. It is further corroborated in discriminant 
function analysis (DFA), where 98 % of the 
individuals are successfully classified into the 
respective locations. A higher well classification rate 
indicates more distinctness in the samples and which 
depicts a significant geographical separation between 
fish stocks26.  
Meristic counts in the fishes are liable to changes 
in the environmental conditions, to which the 
organism is exposed during the early developmental 
stages27. The diverse environmental conditions 
(mostly temperature, dissolved oxygen, and salinity), 
experienced by the isolated populations of the same 
species in the later growth phase also inflict further 
variations in count28. Though the meristic traits are 
less susceptible to ecological alterations, a 
considerable variation is evident in fish populations 
from distinct geographical locations29. The combined 
effect of multiple parameters mainly hydrodynamic 
changes, diverse feeding habits, developmental 
constraints, etc. are capable of creating significant 
alterations in the meristic traits like lateral line 
morphology30. 
 
Fig. 4 — Scatter plot of factor 1 and factor 2 obtained from
morphometric measurements showing the Coast-wise
morphological differentiation 
Table 4 — Cross-validated classifications from Discriminant function analysis: given the number of observations and  
the percentage classification (in paranthesis) 
Location Brahmaputra Narmada Ukai Total 
Brahmaputra 90 (98.9) 0(0) 1 (1.1) 91 
Narmada 0(0) 95 (100) 0(0) 95 
Ukai 4(5.4) 0(0) 70 (94.6) 74 
Total 94 95 71 260 
Total success classification rate: 98 % 




Factor analysis of morphometric traits depicted a 
very significant loading in the head region (HL, ED, 
and POOBL) and the traits related to the middle and 
caudal region of fish. The factor analysis results of the 
lotic and lentic systems also indicated the same result 
as above. A scatter plot on the coast wise analysis of 
morphometric variations including the samples from 
Narmada estuary and Brahmaputra river revealed that 
the separation between the two stocks is more 
significantly attributed to body depth in comparison to 
other traits related to the anterior region of the body. 
The coastwise variations were more probably caused 
by variations in the regional environmental 
parameters and geographical conditions, due to a 
wider longitudinal separation between the coasts12. 
The previous studies on the ecology of Narmada 
estuary and the Brahmaputra river clearly portrayed 
the distinctness in environmental and geographical 
conditions of this two aquatic ecosystems16-18. 
Moreover, the extent of the geographical separation is 
mentioned as a major force in molding the phenotypic 
stocks in aquatic ecosystems26. 
The variations in body depth may be attributed to 
the need for the maintenance of balance and 
efficiency in changing water flow conditions. 
Fusiform body in swiftly flowing water helps the fish 
to sustain the drag in comparison to the deeper bodied 
morphology in the low flow or the lentic ecosystem31. 
Further, the existence of ‘fat’ and ‘thin’ morphs of 
Hilsa was reported from Bangladesh waters32. The 
Brahmaputra river on the east coast has a diverse 
regime of flow pattern, physico-chemical parameters 
and habitat structure in comparison to Narmada 
estuary on the West coast15-18. Hilsa population from 
the Ukai reservoir is completely adapted to an 
impounded habitat, with a significant alteration in its 
growth rate and behavior compared to the migratory 
stock of Hilsa in the lotic habitat6. The changes in 
hydrological conditions, such as the variation in flow 
rates due to impoundments, etc., may also cause 
morphometric variations in fishes mainly on the head 
size and positions of fins and eyes33,34. Alterations in 
the feeding pattern of fish species in distinct 
ecosystems and changes in predatory organisms may 
also impart significant morphometric variations 
especially on traits related to head region such as head 
length, eye diameter, eye position etc.35. T. ilisha is a 
planktivorous fish with filter-feeding behavior, while 
a significant variation on the feeding habits with the 
season, ecological conditions, presence of food 
substance in the habitat, etc., were widely reported in 
this migratory fish species36-38. The changes in the 
quality and abundance of food in the ecosystem 
significantly influences the body morphology of 
fishes27,39. Moreover, it was opined that the 
morphological variations that happened to fish species 
in a different habitat, maybe occurred due to a 
correlated effect of multiple environmental factors 
rather than having the specific effect of one or two 
factors40. 
Diverse ecological conditions at distinct aquatic 
habitats were pointed out as a major reason for the 
morphological variations in different stocks of the 
same fish species41. Morphological variations are 
gradually molded-in geographically isolated 
populations, as a need for adaptation in diverse 
ecological regimes42 and which may not necessarily 
require a genetic distinctness43. These crucial 
variations acquired through behavioral adaptation 
enables the fish populations to sustain in a particular 
environment7. Even an ample morphometric variation 
is evident in the genetically homogeneous population 
of Hilsa in Bangladesh, emphasizing the influence of 
the local environmental conditions in the formulation 
of phenotypic stocks44.  
The local ecological interactions or genetic 
divergence or the combined effect of both factors may 
be a reason for the morphological variations in 
geographically distinct populations. The more clarity 
in this aspect can be acquired with an in-depth study 
by correlating the local and regional physico-chemical 
parameters with the functional phenotypic traits of 
organisms, backed up with sufficient biochemical or 
molecular analysis. The molecular analysis can 
further elucidate the extent of variation imparted 
between the populations due to the genetic 
divergence. The present investigation proved 
morphological variations among the geographically 
isolated population of T. ilisha in inland water bodies 
in India. The changing global climate conditions and 
the increased anthropogenic impacts cause serious 
alterations to aquatic habitats and which may lead to 
the modification of phenotypic and behavioral traits 
of geographically distinct populations of migratory 
fishes like Hilsa. An extensive study along the wider 
geographical range of Hilsa is henceforth necessary to 
gather more detailed information on the extent of 
morphological variations that happened due to the 
adaptive cue and thereby decipher its stock structure 
for the management purpose. 





The authors are grateful to the Director, ICAR-
Central Institute of Fisheries Education, as the study 
was conducted as a part of Ph.D. work at the Institute. 
We also thank Sardar Sarovar Narmada Nigam 
Limited, Gujarat, as part of the Ph.D. work was 
conducted under the consultancy project funded by 
the agency. The authors are also thankful to the 
colleagues of ICAR-CIFRI, especially Dr. S P. 
Kamble (Officer In-charge, Vadodara RC) and Mr. S. 
C. Machi (Supporting staff) for their timely help 
during the study period.  
 
Conflict of Interest 
The authors declare that they have no known 
conflict of interests. 
 
Author Contributions 
GV: Writing manuscript, data collection and 
conception of idea and design; SB: Substantively 
revised the manuscript, helped in data collection from 
Brahmaputra river, manuscript designing and 
interpretation of data; GD: Drafting and revising the 
manuscript; AKJ and AKS: Designing the study, 
critically revised the manuscript; MS: Statistical 
analysis, interpretation of results and creating GIS 
map; VN: Sampling survey, collection of samples and 
laboratory works; GB: Sampling survey, collection of 
samples, data collection, analysis of taxonomic data, 
digitization of samples, etc.; BKD: Conception of 
idea, designing the manuscript and final critical 
revision of the manuscript. 
 
References 
1 De D K, The Shad Hilsa, Tenualosa ilisha (Hamilton): its 
Biology and Fishery, (Narendra Publishing House, Delhi) 
2014, pp. 9-23. 
2 Miah M S, Climatic and anthropogenic factors changing 
spawning pattern and production zone of Hilsa fisheries in 
the Bay of Bengal, Weather Clim Extrem, 7 (2015) 109-115. 
3 Sahoo A K, Wahab M, Phillips M, Rahman A, Padiyar A, et 
al., Breeding and culture status of Hilsa (Tenualosa ilisha, 
Ham. 1822) in South Asia: a review, Rev Aquacult, 10 (1) 
(2016) 96-110. 
4 Hossain M A R, Das I, Genevier L, Hazra S, Rahman M, et 
al., Biology and fisheries of Hilsa shad in Bay of Bengal, 
Sci Total Environ, 651 (2018) 1720–1734. 
5 Naskar M, Chandra G & Sahu S K, Hilsa fisheries on the 
west coast of India, In: Hilsa Fisheries and Conservation, 
edited by L Edwin, G Nikita, M P Ramesan, S Samanta & S 
K Sahu, (Society of Fish technologists, Cochin, India) 2015, 
pp. 45–52.  
6 Bhaumik U, Sharma A P, Mukhopadhyay M K, Shrivastava 
N P & Bose S, Adaptation of Hilsa (Tenualosa ilisha) in 
freshwater environment of Ukai (Vallabh Sagar) reservoir, 
Gujarat, India, Fish Chimes, 33 (1&2) (2013) 110-113. 
7 Lazzarotto H, Barros T, Louvise J & Caramaschi E P, 
Morphological variation among populations of 
Hemigrammus coeruleus (Characiformes: Characidae) in a 
Negro river tributary, Brazilian Amazon, Neotrop Ichthyol, 
15 (1) (2017) e160152. 
8 Shuai F, Yu S, Lek S & Li X, Habitat effects on 
intraspecies variation in functional morphology: Evidence 
from freshwater fish, Ecol Evol, 8 (22) (2018) 10902–10913. 
9 Michel C, Hicks B J, Stolting K N, Clarke A C, Stevens M I, 
et al., Distinct migratory and non-migratory ecotypes of an 
endemic New Zealand eleotrid (Gobiomorphus cotidianus) – 
implications for incipient speciation in island freshwater fish 
species, BMC Evol Biol, 8 (1) (2008) 49. 
10 Bell Jr A J & Jacquemin S J, Evidence of Morphological and 
Functional Variation among Bluegill Lepomis macrochirus 
Populations across Grand Lake St Mary’s Watershed Area, J 
Freshw Ecol, 32 (1) (2017) 415-432. 
11 Dwivedi A K & Dubey V K, Advancements in morphometric 
differentiation: a review on stock identification among fish 
populations, Rev Fish Biol Fisher, 23 (4) (2013) 557-557. 
12 Sreekanth G B, Chakraborty S K, Jaiswar A K, Renjith R K, 
Kumar R, et al., Can the Nemipterus japonicas stocks along 
Indian coast be differentiated using morphometric analysis?, 
Indian J Geo-Mar Sci, 44 (4) (2015) 480-486. 
13 Bhaumik U, Decadal studies on Hilsa and its fishery in India 
- a review, J Interacad, 17 (2) (2013) 377–405. 
14 Behera B K, Singh N S, Parida P, Sahoo A K, Panda D,  
et al., Population genetic structure of Indian shad, Tenualosa 
ilisha inferred from variation in mitochondrial DNA 
sequences, J Environ Biol, 36 (5) (2015) 1193-1197. 
15 Sarma J N, An overview of the Brahmaputra River system, 
In: The Brahmaputra Basin Water Resources, edited by V 
Singh, N Sharma, C Shekhar & P Ojha, (Kluwer Academic 
Publishers, London, UK) 2004, pp. 72–87. 
16 Datta B & Singh V P, Hydrology, In: The Brahmaputra 
Basin Water Resources, edited by V Singh, N Sharma,  
C Shekhar & P Ojha, (Kluwer Academic Publishers) 2004, 
pp. 139-195. 
17 Bhakta D, Meetei W A, Vaisakh G, Kamble S, Das S K,  
et al., Finfish Diversity of Narmada Estuary in Gujarat of 
India, Proc Zool Soc, 72 (3) (2018) 1-6. 
18 Kumar N I J, Basil G, Kumar N R, Sajish P R &  
Shailendra V, Assessment of water physico-chemical 
characteristics and statistical evaluation of Narmada 
Estuarine Region, Gujarat, India, J Water Land Dev, 16 (1-6) 
(2012) 43-48. 
19 Rohlf F J, tpsUtil, Version 1.38, (State University of New 
York, USA), 2006. 
20 Rohlf F J, tpsDig2, Version 2.1, (State University of New 
York, USA), 2006. 
21 Hammer O, Harper D A T & Ryan P D, PAST: 
Paleontological Statistics Software Package for Education 
and Data Analysis, Palaentol Electron, 4 (1) (2001) 9 pp. 
22 Skillman R A, Stock Identification and Billfish Management, 
Proc 2nd International Billfish Symposium, Kailua-Kona, 
Hawaii, 1-5 August 1988. Part 2 (National Coalition for 
Marine Conservation, Leesburg), 1989, pp. 207-213.  
23 Elliott N G, Haskard K & Koslow J A, Morphometric 
analysis of orange roughy (Hoplostethus atlanticus) off the 




continental slope of southern Australia, J Fish Biol, 46 (2) 
(1995) 202-220. 
24 Lombarte A, Gordoa A, Whitfield A K, James N C &  
Tuset V M, Eco-morphological analysis as a complementary 
tool to detect changes in fish communities following major 
perturbations in two South African estuarine systems, 
Environ Biol Fish, 94 (4) (2012) 601–614. 
25 StatSoft Inc, STATISTICA, www.statsoft.com, Version 
(08/2007). 
26 Turan C, Erguden D, Gurlek M & Turan F, Genetic and 
morphologic structure of Liza abu (Heckel, 1843) 
populations from the rivers Orontes, Euphrates and Tigris, 
Turk J Vet Anim Sci, 28 (4) (2004) 729-734. 
27 Chase P D, Meristics, In: Stock identification methods 
(Second edition), edited by S Cadrin, L A Kerr & S Mariani, 
(Elsevier Science Publishing Co Inc) 2014, pp. 171-184. 
28 Lindsey C C, Factors controlling meristic variation, In: Fish 
Physiology, edited by W S Hoar & D J Randall, (Academic 
Press Inc, San Diego, California) 1988, pp. 197–274.  
29 Kashefi P, Bani A & Ebrahimi E, Morphometric and meristic 
variations between non- reproductive and reproductive Kutum 
females (Rutilus frisii kutum, Kamensky, 1901), in the southwest 
Caspian Sea, Ital J Zool, 79 (3) (2012) 337-343. 
30 Wark A R & Peichel C L, Lateral line diversity among 
ecologically divergent three spine stickleback populations, J 
Exp Biol, 213 (1) (2010) 108-117. 
31 Franssen N R, Anthropogenic habitat alteration induces rapid 
morphological divergence in a native stream fish, Evol Appl, 
4 (6) (2011) 791–804. 
32 Quddus M A, Shimizu M & Nose Y, Meristic and 
morphometric differences in two types of Hilsa ilisha in 
Bangladesh waters, Bull Jpn Soc Sci Fish, 50 (1) (1984) 43–49. 
33 Haas T C, Blum M J & Heins D C, Morphological responses 
of a stream fish to water impoundment, Biol Lett, 6 (6) 
(2010) 803–806. 
34 Santos A B I & Araujo F G, Evidence of morphological 
differences between Astyanax bimaculatus (Actinopterygii: 
Characidae) from reaches above and below dams on a 
tropical river, Environ Biol Fish, 98 (1) (2015) 183-191.  
35 Jacquemin S J & Pyron M, A century of morphological 
variation in Cyprinidae fishes, BMC Ecol, 16 (1) (2016) 48.  
36 Hora S L & Nair K K, Further observations on the bionomics 
and fishery of the Indian shad, Hilsa ilisha (Ham.) in Bengal 
waters, Rec Indian Museum, 42 (1) (1940) 35 – 50. 
37 Pillay S R & Rosa Jr H, Synopsis of biological data on hilsa, 
Hilsa ilisha (Hamilton, 1822), (FAO, Rome) 1963, pp. 61. 
38 De D K & Datta N C, Studies on certain aspects of the 
morpho-histology of Indian shad hilsa, Tenualosa ilisha 
(Hamilton, 1822) in relation to food and feeding habits, 
Indian J Fish, 37 (3) (1990) 189-198. 
39 Wimberger P H, Plasticity of fish body shape. The effects of 
diet, development, family and age in two species of 
Geophagus (Pisces: Cichlidae), Biol J Linn Soc, 45 (3) 
(1992) 197-218. 
40 Franssen N R, Stewart L K & Schaefer J F, Morphological 
divergence and flow-induced phenotypic plasticity in a 
native fish from anthropogenically altered stream habitats, 
Ecol Evol, 3 (14) (2013) 4648-4657. 
41 Sajina A M, Chakraborty S K, Jaiswar A K, Pazhayamadam 
D G & Sudheeshan D, Stock structure analysis of Megalaspis 
cordyla (Linnaeus, 1758) along the Indian coast based on 
truss network analysis, Fish Res, 108 (1) (2011) 100-105   
42 Swain D P & Foote C J, Stocks and chameleons: the use of 
phenotypic variation in stock identification, Fish Res, 43 (1-
3) (1999) 113–128. 
43 Iwate M, Population identification of wall eye pollock 
(Theragra chalcogramme) populations on the basis of 
tetrazolium oxidase polymorphism, Comp Biochem Physiol, 
50 (1) (1975) 197-201. 
44 Salini J P, Milton D A, Rahman M J & Hussain M G, 
Allozyme and morphological variation throughout the 
geographic range of the tropical shad, Hilsa Tenualosa ilisha, 
Fish Res, 66 (1) (2004) 53–69. 
 
